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Abstract 

MicroRNAs (miRNAs) are a class of small, non-coding RNA 
molecules that have been shown to be involved in a wide 
range of biological processes, including cancer. miRNAs are 
known to regulate the expression of genes, and their 
dysregulation has been linked to the development of cancer. 
In recent years a great deal of attention is received by 
miRNAs due to their potential as biomarkers for cancer. 
Biomarkers are measurable indicators of a biological state, 
and they can be used to diagnose, monitor, and treat 
diseases. miRNAs can be detected in biological fluids such 
as blood and saliva. This makes them ideal candidates for 
early cancer detection and monitoring. We herein reviewed 
“current methods for the isolation of circulating miRNAs. 
Provide the most recent update about clinical trials aiming 
at using miRNAs as biomarkers for cancer. Additionally, we 
highlighted some pitfalls that should be realized to take 
advantage of the massive potential of miRNAs as a cancer 
biomarker. However, the potential of miRNAs as cancer 
biomarkers is very promising but advancements in factors 
such as miRNA isolation methods, and the type of samples 
are critical to incorporate miRNA-based diagnostic and 
prognostic markers in modern-day treatment regimens for 
cancer. This review concludes that miRNAs have enormous 
clinical significance as cancer biomarkers and recommends 
carefully selecting methods for the isolation of miRNAs 


Engineering, 


based on the type of sample, and the downstream applications to generate clinically 


relevant results. 
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Introduction 


MicroRNAs (miRNAs) are short 19 to 25 
nucleotides non-coding RNAs [1, 2] and 
are referred to as master regulators in 
the cells [3-5]. They were reported for the 
first time in 1993 [6, 7], in Caenorhabditis 
elegans; however, their role in gene 
regulation was recognized ten years later 
in 2001 [8-10]. MiRNAs are the primary 
post-transcriptional regulators of gene 
expression in numerous tissues and 
developmental stages. Research has 
proved the critical role of miRNAs in the 
development, differentiation, 
inflammatory response, and development 
of cancer. They accomplish this by 
controlling gene expression through 
densely woven regulatory networks and 
extremely specialized interaction types 
[3]. To date, over 2500, miRNAs have 
been identified in humans alone [11]. 
After all the processing, the mature 
miRNAs are capable of altering the 
expression of protein-coding genes [12] 
by binding to and disrupting messenger 
RNA (mRNA) expression [13] or by 
curtailing translation [14]. All mRNAs 
have miRNA binding sites on their 3' 
untranslated region [15]; therefore, 
miRNAs can function in regulating the 
human protein-coding genome [16]. 
Studies have shown that miRNAs are 
abundant in serum and plasma as well as 
extracellular biofluids [17, 18]. The 
variety of bio-fluids reported in humans 
are saliva, breast milk, urine, tears, 
follicular and cerebrospinal fluids that 
contain miRNAs [19-21]. 

The in-depth studies of miRNA expression 
profiles indicated that their release from 
cells is selective and therefore correlates 
with different pathophysiological 
conditions of the body, which can be 
harnessed for better treatment direction 
and monitoring of body conditions during 
specific malignancies such as cancer [19]. 
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All the cellular processes and pathways 
can be influenced by miRNAs both in 
normal and pathological conditions [22, 
23]. A variety of routes are reported for 
miRNAs released into the extracellular 
environment [24]. They can be passively 
released by damaged, inflamed, 
apoptotic, or necrotic cells, or maybe 
from cells like platelets that have a 
limited half-life [4]. Meanwhile, they can 
be actively secreted via membrane 
vesicles produced from cells, such as 
exosomes, microparticles (MPs), 
apoptotic bodies, and other shedding 
vesicles [2]. Similarly, an active secretion 
by a protein-miRNA complex, wherein 
either one or both of the lipoproteins 
(such as high-density lipoprotein: HDL) 
and the Argonaut (Ago2) protein are 
associated with miRNAs[16]. The 
intricate relationship between miRNAs 
and the genes they target is influenced by 
several variables, including the location 
of the miRNAs inside the cell, their 
quantity, the mRNAs they target, and 


their affinity for miRNA-mRNA 
interactions [5]. MiRNAs are released 
either encapsulated in exosomes or 


bound to other entities such as Ago2 [25]. 
Exosomes are believed to encapsulate 
10% of circulatory miRNAs [26], while 
the remaining 90% of miRNAs are in a 
non-membrane-bound form, attached 
with Ago2 or some other lipoproteins in 
the circulation or body fluids [27, 28]. 
Exosomes are nano-vesicles that circulate 
in the body and have a role in controlling 
many biological processes and cell-to-cell 
communication. Even in the presence of 
RNase, RNAs enclosed inside exosomes 
are quite stable [5]. Exosomal miRNAs 
such miR-9, miR-23a, miR-92a, miR-103, 
miR-105, miR-126, miR-132, miR-135b, 
miR210, and miR-221, as well as 
cytokines (e.g., interleukins: IL-6 and IL- 
8, TNF-a, transforming growth factor B, 
FGF2, and VEGF), have been shown to be 
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produced by tumor cells, are 
neovascularization and metastasis- 
promoting proangiogenic factors. 
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Fig. 1: Graphical abstract 


The majority of circulating miRNAs rely 
on carriers for active secretion to escape 
degradation, with the exception of the 
passive release brought on by apoptotic, 
necrotic, or inflammatory processes [28]. 
MiRNA expression patterns are typically 
dysregulated in cancer, which has drawn 
significant attention to exosomes as 
potential biomarkers for cancer 
diagnosis, prognosis, and recurrence 
[29]. Exosome-translocated miRNAs have 
the ability to influence tumor growth and 
take part in a number of processes 
involved in carcinogenesis and tumor 
formation. Cancer cells release unique 
miRNAs in exosomes. These particular 
miRNAs, which have immunosuppressive 
qualities, can interact with activated T 
cells that are specialized for malignancies 
to stimulate the development of tumors. 
For instance, miRNA-21 and miRNA-146a 
may be correlated to cervical cancer. 
These miRNAs can reduce the ability of 
293T cells to identify and destroy cancer 
cells, and they can even cause apoptosis 
in 293T cells, which is a hallmark of 
cervical cancer [31]. MiRNAs are coded 
by more than 1000 genes that are located 
on every chromosome in the human 
genome except the Y chromosome [29]. 

The biogenesis of miRNA in a cell starts 
from the nucleus and ends at the 
cytoplasm [30, 31]. A functional miRNA is 


derived by multi-step processing of large 
primary (pri) and precursor (pre) 
transcripts. Pri-miRNAs are transcribed 
by RNA polymerase II and later 
processed by Drosha to pre-miRNA [32]. 
These pre-miRNAs are moved by 
Exportin5 from the nucleus to the 
cytoplasm by Dicer, where they are 
transformed into mature miRNAs and 
sorted into exosomes by one of five 
possible pathways: The following 
pathways are reliant on different 
proteins: (1) nSMase2; (2) 3° miRNA 
sequence; (3) miRNA motif and 
sumoylated hnRNPs; and (4) miRNAISC- 
related pathway; (5) A route associated to 
ceramide [9]. Mature miRNAs can be 
selectively incorporated into the 
exosomes or coupled with Ago2 protein 
and released into the extracellular milieu. 
Alternatively, they can be entrapped in 
microvesicles or attached to some other 
lipoproteins prior to their release into the 
extracellular environment [21]. 

Recent studies have indicated that the 
ESCRT complex, a group of proteins 
involved in endosomal sorting, plays a 
role in the synthesis, uptake, and cargo 
sorting of exosomes. The highly 
conserved procedure used by the ESCRT 


complex to pick the "cargo" protein 
marked by ubiquitintin, guide it to 
multivesicular bodies (MVBs), and 
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subsequently split from the peripheral 
membrane is similar to the process used 
in cytokinesis and viral budding. 
Exosomal origin is better understood by 
research on late endosome components 
notably Alix, tetraspanins, and 
tumor susceptibility gene 101 (TSG101) 
[10]. 

The biogenesis of mature miRNA, as 
shown in Fig. 2 is regulated during 
transcription as well as a post- 
transcriptional level [33]. A worth 
mentioning fact is that miRNAs are 
remarkably stable even under hostile 
conditions like high/low temperature, and 
high/low pH. They can overcome 
extended storage time and freeze-thaw 
cycles [34]. Extracellular miRNAs are 
even more stable than mRNAs [35, 36]. 
The reason for this stability is that 
miRNAs are associated with Ago2 
proteins or lipoprotein complexes [12, 37, 
38] or entrapped inside exosomes [39] or 
other microvesicles, hence protected 
from RNases [40]. 

It has been deduced from bioinformatics 
processing that a single miRNA can 
alter /influence 60% of mammalian 
mRNAs [21, 42]. Deregulation of miRNAs 
are associated with several types of 
cancers [22, 43] including breast, 
prostate, glioma, colorectal cancers, and 
lymphoma [11]. Chromosome or genomic 
alterations in cancer-related genes may 
directly reflect changes in miRNA 
expression patterns. Aberrant miRNA 
expression most certainly has significant 
therapeutic consequences, in addition to 
the role of cancer-associated miRNAs 
identified in a range of tumor tissue 
specimens [12]. Anomalous miRNA levels 
can also result from variations in the 
activity of the miRNA-producing enzymes 
Drosha and Dicer [13]. These enzymes 
are negatively regulated in ovarian and 
bladder cancer but are upregulated in 
cervical squamous and gastrointestinal 
cell tumors Moreover,  pri-miRNA 
transcriptional defects may induce 
changes in circulating miRNAs in cancer 
[14]. Altered expression of miRNAs can 
be unique factor in a variety of diseases 
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including cancer [15]. To collect detailed 
information about miRNAs based clinical 
studies for cancer detection 
weexploredClinicalTrials.gov database 
using the terms "tumor" "cancer" and 
"neoplasm" in the disease field and 
"miRNA" "circulating" and "blood" in the 
other terms field [17]. An online database 
called miR2Disease offers precise and 
detailed information about miRNAs 
deregulation in various human diseases 
[44]. Comprehensive information about 
the classification of extracellular 
circulating miRNAs can be obtained from 
MiRandola: an online database [45]. 
Another valuable computational tool is 
miRDB that provides detailed 
information about miRNAs targets and 
functionality [46]. Currently, miRNAs are 
named based on the order of their 
discovery, except for miRNAs from 
miRNAs let-7 family [47]. Sample type, 
collection protocol, and method of 
extraction 
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Fig. 2: Biogenesis of miRNAs redrawn from reference [41]. 


greatly influence the detection of miRNA 
[48]. The research on miRNA expression 
in biofluids has rapidly gained a lot of 
momentum [49] as miRNA expression is 
indifferent to the type of body fluid, easily 
detectable, and can be reliably 
quantitated [50]. A biomarker can be 
defined as any characteristic that is 
quantified to assess the 
pathophysiological condition of the body 
or response of the body to the treatment 
regime [51-53]. The pre-requisite for an 
ideal biomarker is that it must be highly 
specific, highly sensitive, can be acquired 
noninvasively as well as its concentration 
should be indicative of a certain condition 
of the body [54]. They can be either 
diagnostic, prognostic or predictive [55]. 
In 2008, extracellular miRNAs were first 
reported in maternal plasma followed by 
serum obtained from cancer patients 
[56,57]. 


Clinical significance 


1) 


4) 


5) 


MiRNAs impact different types of 
cancers at different levels, from 
causation to progression [11, 58, 
59]. 

Intra-tumour cell communication is 
facilitated by miRNAs; it may 
involve target suppression, 
promote migration and invasion or 
confer drug resistance in a variety 
of cancers [60]. 

MiRNAs were considered as non- 
invasive biomarkers for the first 
time in the field of cancer biology, 
minimizing severe invasive 
procedures for biomarkers 
isolation in cancer [41, 61]. 

They are stable in healthy people, 
and their expression is 
independent of body weight, 
gender, and age [62-64]. 
Alterations in miRNAs expression 
pattern can indicate a pathological 
condition that can be used for 
monitoring cancer onset and 
diagnosis [65]. 
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Selection of sample source 
and miRNAs extraction 
method 


It’s a well-established fact that miRNAs 
exist in a majority of body fluids. 
Therefore, they can be easily isolated 
from body fluids mainly serum, plasma, 
tears, and urine [66]. The miRNA 
purification procedure depends upon the 
choice and composition of the sample 
source. A new sample type needs to be 
compared with already established 
sample types; the data are not necessarily 
translatable [67]. Studies have already 
attempted to reduce variations in the 
isolation efficacy of different 
procedures/kits [68]. The concentration 
of circulating miRNAs is even different 
between blood serum and blood plasma 
[14, 68, 69]. Urinary miRNAs from urine 
are more stable and resilient to 
degradation; they have opened a new 
area of research for the discovery of non- 
invasive cancer biomarkers [70]. The 
concentration of miRNAs in serum, 
plasma, and other bio-fluids is very less, 
at the Femtomolar level [71]. It is even 
less when the samples were collected 
from model animals of disease [72]. New 
extraction methodologies are needed to 
reduce and control inter-sample 
variability as well as isolate miRNAs even 
at lower concentrations from different 
sample types [73]. The wholesome and 
precise measurement of miRNA depends 
on its robust isolation [71]. However, the 
short and variable sequence of miRNAs 
and their lower concentrations impede 
the process [74]. The most common 
detection methods for miRNAs are qRT- 
PCR and microarray; they are strongly 
dependent on the precision of the 
extraction methods [75]. Therefore, it is 
imperative to optimize and standardize 
the miRNA isolation methods/ procedure 
[76]. Many studies reported 
discrepancies in miRNA measurement 
and recovery because of the extraction 
methods [68, 77]. Appropriate extraction 
methods should be based on factors like 
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sample type, quality, quantity, price, and 
time [4], as shown in Table 1. 

Moreover, the extraction methods must 
be tailored to the specific sample type 
and intended application [78]. Studies 
involving circulating miRNAs should 
mention the details of the collection 
procedure, sample type, and treatment, 
the time between collection and further 


processing, conditions of sample 
processing, and samples’ storage 
condition [78]. It has been widely 


recommended that procedures used for 
isolation in miRNA studies are of vital 
importance for the precision and 
accuracy of the results [77]. MiRNAs 
isolation methods are divided in two main 
categories. First is 
guanidine/phenol/chloroform (GPC)- 
based extraction methods and the second 
is column/bead/based commercial 
isolation kits [79, 80]. 

Guanidine/phenol/chloroform (GPC) 
based extraction of miRNAs 


This isolation method is based on the 
difference in solubility of cellular 
components in organic solvents. This 
protocol harness phenol and guanidinium 
thiocyanate, marketed as Trizol for 
miRNAs extraction [81]. Trizol has the 
ability to denature proteins such as 
RNases hence the product acquired can 
be stored for long term [82]. In this 
method isopropyl alcohol is added after 
the phase separation step to precipitate 
miRNAs Due to the small size of miRNAs, 
ample time is needed for their isolation 
by this method. Overnight precipitation at 
-20°C or -80°C [83], longer pelleting time 
(16,000-21,000 g centrifugation for 1 h at 
4°C) is highly recommended. Trizol-based 


extraction is considered a é “gold 
standard” [16]. The method's core 
principle has remained unchanged, 


although significant improvements and 
modifications have been introduced to get 
specific results [84]. Although it’s an 
efficient method, its drawbacks are that it 
is labor-intensive and employs hazardous 
chemicals, such as phenol [85]. The 
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procedure consumes time about 40 to 60 
min [85] and requires a relatively large 
sample volume [81]. Although Trizol is a 
widely employed method, some 
imperative factors are to be considered 
before employing it [16]. MiRNAs with 
low GC content cannot be isolated during 
phenol-chloroform extraction; therefore, 
a column-based RNA adsorption method 
is recommended to isolate them [86]. 
TRIzol method decreases inter-assay 
variability, a common drawback of 
column-based kits [69]. MiRNAs yield 
improves by using the Trizol method, but 
the product is also affected by the 
secondary structure. TRIzol method one 
drawback is the contamination of miRNAs 
by organic solvent [37]. To increase the 
miRNAs’ yield, overnight incubation and 
a series of centrifugations must be used 
in association of the _ alcohol-based 
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precipitation method [83]. Most of the 
technologically advanced methods for 
miRNAs isolation are mainly derived from 
the Trizol method [87]. 


Silica-based miRNA extraction 
methods 
Among column-based methodologies, 


mirVana™ PARIS™ (Life Technologies) 
and miRNeasy kits (Exiqon) are used 
prolifically in miRNA studies, that utilize 
silica in the column system for the 
isolation of miRNAs [57]. Extraction 
methods are difficult to compare as many 
studies do not provide information about 
the actual yield and quality of miRNA [4]. 
Both nucleic acids and proteins can be 
separated by mirVana™ PARIS™ [88]. 
The salient feature of this method is that 
cells are disrupted non-ionically prior to 
phenol/chloroform extraction [89]. 


Table 1. Summary of conventional miRNAs isolation methods. 


mirVana™ miRNeasy TRIzol 
PARIS™ 
Time 20 min 25 min > 60 min 
Steps 4 4 5 
Cost $$$ $$ 
Sample Cells and tissues Cells and Tissues and body 
Type tissues fluids. 


Moreover, it is suitable to isolate miRNA 
molecules lower than 200 nucleotides 
[90]. Other worth mentioning features of 
this kit are that it can efficiently isolate 
miRNAs from tissues as well as body fluid 
and requires small starting fluid volumes 
[91]. Vigorous analysis of reported human 
miRNAs, ~68 human miRNAs are 
reported to be smaller than 18 nt. Out of 
these, only 9 miRNAs are isolated by 
mirVana PARIS kit, making it a less 
attractive choice for studies involving 
miRNAs smaller than 18 nucleotides [72]. 
The miRNeasy kit (Exiqon), utilizes silica 
in its column system for the isolation of 
miRNAs [92]. It has been reported to be 
superior to other silica-based kits in 
terms of miRNA yield [93, 94]. It 
harnesses a mini-column, silica, and 
ethanol for miRNAs' adsorption [40, 95]. 
The miRNeasy kit is better than TRIzol 
based on high miRNA yield [91, 96]. The 


major shortcoming of the miRNeasy kit is 
its alarming inability to isolate miRNA 
species smaller than 18 nucleotides [72]. 


Isolation of miRNAs 
encapsulated in exosomes 


Differential ultracentrifugation (dUC) 


This method depends on the progressive 
separation of particles via sedimentation 
according to their size and density 
employing a succession of centrifugal 
forces and duration [97]. dUC is typically 
regarded as the gold standard method for 
exosome separation since it can separate 
reasonably pure populations of exosomes 
[98]. Several elements work together to 
determine this extraction capability [99]. 
Lipoprotein particles of comparable 
density had a tendency to precipitate with 
the final pellet, despite the separated 
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pellet from dUC having a low level of 
contamination from non-exosome-related 
proteins A series of cleaning spin 
processes are performed before the dUC 
operation begins in order to get rid of 
cells, cellular debris, apoptotic bodies, 
and microvesicles [100]. This is 
accomplished by gradually separating the 
pellet and supernatant at increasing 
speeds: 300-400 g for 10 min, then 2000 
g, and finally 10,000 g, to isolate a 
supernatant with a comparatively high 
concentration 


of exosomes even though it remains 
polluted with lipoprotein moiety 
contamination, other protein aggregates 
and microvesicles [101]. Following this, 
samples are spun at 100,000-200,000 g 
for at least 70 min or for 2 h to complete 
the final exosomes sedimentation process 
[102]. The pellet produced here can be 
ultracentrifuged once more after being 
resuspended in phosphate-buffered 
solution (PBS), which will boost purity 
but reduce the yield of the separated 
exosomes [103]. From 20 to 250 nm in 
size, the exosomes portion can be 
obtained that can be verified for the 
presence of exosomal protein markers: 
Flotillin-1, TSG101, Alix, CD9, CD63 and 
CD81 [104, 105]. 

It has been reported that 81% of research 
studies employed ultracentrifugation as 
their method of choice for exosomes 
separation [106]. The use and popularity 
of this traditional method, however, 
declined, most likely as a result of 
technical developments in exosomes 
separation that need less time and work. 
This approach does not require labeling 
exosomes, which can prevent cross- 
contamination, but it is time-consuming, 
expensive, damages structures, 
aggregates into blocks, and co-separates 
lipoproteins, making it unsuitable for 
downstream analysis [107]. 


Density gradient centrifugation 


Based on _ ultracentrifugation, density 
gradient centrifugation is an enhanced 


Biomedical Letters 2023; 9(2):96-112 


separation technique [108]. Exosomes are 
intended to be purified using density 
gradient centrifugation, which is typically 
combined with ultracentrifugation to 
increase exosome purity There are two 
primary types: iodixanol and sucrose, the 
latter of which is frequently employed as 
a research medium. Therefore, due to 
their significant similarity in size and 
density, _exosomes and retroviruses 
cannot be efficiently separated by the 
sucrose density gradient [109]. Top 
loading and bottom loading are the two 
methods for loading the samples. In 
contrast to top loading, which causes 
soluble proteins to sediment across the 
gradient during  ultracentrifugation, 
bottom loading keeps soluble proteins at 
the bottom during the process [110]. 
Exosomes migrate along a density 
gradient medium in this procedure, which 
involves placing samples at the top 
(where densities are higher). According 
to the underlying theory, particles with 
various sedimentation coefficients settle 
in discrete strata during centrifugation 
that can be subsequently gathered. 
Exosomes float on a sucrose gradient 
until they reach equilibrium density, 
ranging around 1.10 to 1.21 g/mL, 
generating a fraction zone that is simple 
to retrieve [111]. Its clinical use is 
constrained, nonetheless, by the prior 
preparation, laborious operation, and 
extended centrifugation time (>16 h) 
[112]. 


Ultrafiltration 


The ultrafiltration technique forces other 
cellular debris through the membrane 
into the sample’s effluent component 
while isolating exosomes above the filter 
level using centrifugal force and a 
cellulose membrane [113]. Ultrafiltration 
is a very easy, quick, and affordable 
procedure that can reliably separate 
particles depending on their size and 
molecular weight [114,115]. Filters 
having pore sizes of 0.8um and 0.45 pm 
are used to exclude larger particles first, 
producing a filtrate that is comparatively 
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exosome-rich. Then, smaller vesicles are 
removed from the filtrate by passing 
them through membranes with holes 
0.22um and 0.1 pm smaller than the 
required exosomes. The first and last 
pore filtration membranes are used to 
define the exosomes' maximum and 
minimum size ranges. This methodology 
can be employed as a_ stand-alone 
technique or in conjunction with 
ultracentrifugation to separate big 
microvesicles and exosomes. Cross-flow 
filtration or tangential-flow filtration is a 
different technique from nano- 
ultrafiltration that depends on successive 
filtrations to extract exosomes [116]. It is 
quick and easy, needs little equipment, 
and doesn't interfere with exosomes' 
ability to function biologically because of 
a faulty operation. Exosomes are not 
damaged during ultrafiltration since it is 
performed at ambient temperature 
without the use of chemical reagents, 
which results in excellent exosome purity 
[117]. Nevertheless, using too much 
pressure might rupture or distort bigger 
vesicles, giving false findings [118]. 


Extraction of exosomes by ExoQuick 
Kit 


ExoQuick allows for the quantitative, 
high-throughput separation of exosomes 
from minimal quantities (as little as 1 ml) 
of tissue culture medium and specific 
biological fluids, such as urine, saliva, 
breast milk, and follicular fluid ExoQuick 
is a reliable and efficient alternative to 
ultracentrifugation that is compatible 
with a wide range of downstream 
applications In this method conserves 
valuable material, is easily scalable, 
produces large quantities of functioning, 
high-quality exosomes, and may be 
utilized to separate exosomes for a 
variety of downstream applications, 
consisting of (exosomal proteomics, 
exosomal lipidomics/metabolomics, 
functional studies, such as in cell-to-cell 
signaling and basic biology, such as role 
in tumorigenesis, biomarker studies, and 
exosomal miRNA profiling, ) [119]. The 
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unique polymer ExoQuick effectively 
precipitates exosomes First, simply 
remove all cells and cellular debris from 
your samples before adding the necessary 
amount of ExoQuick to your cleared 
biofluid, cooling it, and centrifuging it. 
The pellet containing your exosomes will 
be prepared for resuspension in the 
suitable solution. Simply mix 10 mL of 
tissue culture medium with 2 mL of 
ExoQuick, incubate for an overnight 
period at 4°C, then centrifuge at 1500 g 
for 30 min to separate exosomes. The 
pellet of the exosome was re-suspended 
in 1 mL of diluted PBS (1:40), and the 
NanoSight LM10 device was used to 
observe it. ExoQuick retrieved 133 nm 
exosomes at a concentration of 1.74 x 10° 
particles/mL, according to the analysis. 
Exosomes extracted with ExoQuick also 
yield superior samples for investigating 
nucleic acids that are associated with 
exosomes, including mRNA, siRNAs, and 
even miRNAs. Nucleic acids recovered 
from ExoQuick-purified exosomes are 
compatible with quantitative analytical 
procedures including qPCR, microarray 
analyses, and next-generation sequencing 
[120] (Fig. 3). 


Latest update on miRNAs 
based clinical studies for 
various cancers 


miRNAs are valued clinically for the 
Management of a variety of cancers 
[121]. From the expression level of 
miRNAs, information about cancer 
stages, progression, and metastasis can 
be obtained [122,123]. To detect cancer 
in its early stages miRNAs dysregulation 
can be a more potent indicator prior to 
biopsy or imaging techniques. In patients 
of non-small cell lung cancer (NSCLC) 
plasma miR-21-5p, miR-145-5p, miR-20a- 
5p, miR- 141-3p, miR-155-5p, and miR- 
223-3p relatively increased at early 
stages [124,125]. Exosomal miR-382 
emerges to be a valid prognostic 
biomarker for monitoring NSCLC 
development [43]. Exosomal miR-3913-3P 
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Fig. 3: Various Methods for exosome isolation such as Differential ultracentrifugation, Density 
gradient centrifugation, ultrafiltration, and Exoquick Kit extraction. 


tumor marker carcinoembryonic 
antigen, tumor, node, and metastasis 
(TNM) stage, and distant metastasis. 
Exosomal miR-3913-5p might thus be 
used as a diagnostic biomarker for 
resistance in the peripheral blood of 
NSCLC patients [44]. 

Many recent studies deciphered the 
association between miRNAs and lung 
cancer [126], in particular NSCLC. For 
example, miRNAs like, miR-26a, miR- 
210, and miR-212 are mentioned to 
serve as oncogenes and by contrast, 
miR-1, miR-126, and miR-149 as tumor 
suppressors in lung cancer [127]. 
MiRNAs can assist in differentiating 
between numerous subtypes of cancer. 
Cancer subtypes are ranked based on 
their tissue origin and pathological 
pathway, for instance, adenocarcinoma 
(ADC) and squamous cell carcinoma 
(SCC) are the main subtypes of NSCLSs 


[128]. Similarly, breast cancer 
subtypes are decided by the presence of 
estrogen receptor (ER), progesterone 
receptor (PR), and HER2/neu receptor 
[129]. This sub-classification is of huge 
importance in deciding the treatment 
direction and drug selection [130]. 
Serum exosomal miR-148a levels were 
discovered to be significantly lower in 
breast cancer patients. Patients with 
breast cancer who had serum exosomal 
miR-148a down-regulation had worse 
clinical outcomes. Consequently, 
exosomal miR-148a in the serum may 
serve as a significant biomarker for the 
prognostication of breast cancer [131]. 
MiR-138-5p, a protein-coding gene, was 
transferred by exosomes from breast 
cancer cells to tumor-associated 
macrophages, where it reduced the 
expression of KDM6B. As a result, 
exosomes were implicated in the 
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transfer of miR-138-5p between cancer 
cells and macrophages, which raises 
the possibility that miR-138-5p found in 
circulating exosomes might be 
employed as a predictive marker for 
breast cancer [46]. Plasma exosomal 
miR-363-5p is a tumor suppressor that 
is also employed in non-invasive lymph 
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node staging and prognosis prediction 
in breast cancer [132] Different types of 
miRNA inhibitors used in cancer are 
given in Table 2. 

Expression patterns of miRNAs can help 
in distinguishing NSCLC from healthy 
individuals and can then differentiate 
between ADC and SCC subtypes. 


Table 2: Different types of miRNA inhibitors used in cancer along with their phase data 


Clinical Trial ID Cancer Type miRNA Target Status 
Non-small cell lung cancer 
miR-21-5p inhibitor (AZD3819) (NSCLC) miR-21-5p Phase II 
miR-21-5p inhibitor (MK-0346) NSCLC miR-21-5p Phase I 
miR-17-5p inhibitor (PF- 

06882315) NSCLC miR-17-5p Phase I 
miR-205-3p inhibitor (ONO- 

5338) NSCLC miR-205-3p Phase I 

miR-21-5p inhibitor (AMG 510) Head and neck cancer miR-21-5p Phase I 

miR-17-5p inhibitor (AZD7413) Head and neck cancer miR-17-5p Phase I 
miR-205-3p inhibitor (ONO- 

5353) Head and neck cancer miR-205-3p Phase I 


Two miRNAs, miR-16- 5p and miR-486-5p 
level were uplifted in ADC and SCC cases 
relative to healthy individuals. Another 
miRNA, miR-9-5p expression was normal 
across NSCLC patients and controls, but 
declined in ADC patients relative to SCC 
ones. However, miR-205-5p was 
upregulated only in SCC patients alone 
[133]. Alike other cancers classification 
papillary and follicular cancer can be 
separated by combined expression of 
exosomal miR-21- 5p, miR-31-5p, and 
miR-181a-5p [134]. High expression of 
serum exosomal miR-106b-3p can 
distinguish metastatic colorectal cancer 
(CRC) from nonmetastatic. [135]. Serum 
exosomal miR-874 was shown to be 
significantly downregulated in 125 CRC 
patients compared to 70 healthy controls, 
45 benign adenomas, and 125 controls 
without CRC. It was shown that the 
expression of serum exosomal miR-874 is 
a statistically significant independent 
predictor of overall survival in CRC 
patients. As a result, exosomal miR-874 
expression in serum may be a significant 
biomarker for the diagnosis and 
prognosis of CRC [136]. Patients with 
CRC, especially those who had liver 


metastasis, had significantly higher blood 
levels of exosomal miR-122. Serum 
exosomal miR-122 has been proposed to 
be CRC prognostic marker using both 
single- and multiple-variable logistic 
regression [137]. Moreover, Low miR- 
193a expression and high let-7g 
expression were associated with a 
decreased survival rate and may serve as 
markers for the diagnosis and prognosis 
of CRC [138]. 

Prostate cancer is the second most lethal 
cancer in men after lung cancer. [139]. 
Six plasma exosomal miRNAs showed 
differential expression in 108 treatment- 
naive prostate cancer patients and 42 
castration-resistant prostate cancer 
(CRPC) patients (miR-423-3p, miR-320d, 
miR99a-5p, miR-320b, miR-150-5p and 
miR-320a), in which CRPC was especially 
associated with exosomal miR-423-3p. 
Therefore, to detect and predict 
castration resistance early, exosomal 
miR-423-3p may serve as a prognostic 
biomarker [140]. In contrast to healthy 
persons, prostate cancer patients had 
considerably lower levels of urinary 
exosomal miR-375 expression, whereas, 
their levels of miR-486-5p, miR-451a, and 
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miR-486-3p expression were much 
higher. It was successful to discriminate 
between localized and metastatic 
prostate cancer using urine exosomal 
miR-375. [140]. The sixth most prevalent 
cancer in the world is oral squamous cell 
carcinoma (OSCC), which can affect the 
gingiva, hard palate, retromolar trigone, 
hard palate, mouth floor, tongue, and 
buccal mucosa [141]. Fascinatingly, 
salivary exosomal miR-24-3p has 
demonstrated potential for OSCC 
diagnosis as a substitute for blood or 
urine Malignant cells grew more quickly 
when exosomal miR-24-3p was 
overexpressed, and OSCC cells multiplied 
more quickly. When exosomal miR24a-3p 
was overexpressed by controlling the 
expression of genes involved in the cell 
cycle. Additionally, by inhibiting PER1, 
exosomal miR-24a-3p can prevent OSCC 
cells from growing. Consequently, 
exosomal miR-24a-3p may serve as both a 
diagnostic and therapeutic target for 
OSCC [142]. miRNAs can substantially 
contribute in monitoring tumor 
metastasis. Tumour metastasis negatively 
affects curative approaches, diminishing 
the rate of survival, and uplift the risk of 
recurrence [143]. The lack of a 
dependable biomarker to monitor the 
tumour metastasis to different sites is still 
needed to be eliminated. MiRNAs can be 
of substantial importance in this regard, 
as crmiRNAs were found to be associated 
with tumorigenesis or metastasis [143- 
144]. miRNAs can be harnessed to 
predict the sensitivity of tumour to 
curative strategy in pancreatic ductal 
adenocarcinoma (PDAC), a major 
subclass of pancreatic cancer. For 
instance, miR-155-5p was upregulated in 
tumour tissues and plasma; information 
about tumour stage and poor prognosis 
can be obtained from its expression 
[145]. In line with these findings, the 
biggest issue of chemotherapy or 
radiotherapy can be curtailed’ by 
targeting corresponding crmiRNAs and 
their downstream targets [146]. miRNAs 
have been reported as prognostic 
biomarkers of cancers. This fact is 
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supported by various studies [139-142]. 
The perks and shortfalls of miRNAs [147]. 
as a prospective biomarker for cancer are 
listed in Table 3. One of the basic 
obstacles that have hindered the path of 
miRNAs toward a potential therapeutic 
and diagnostic entity in routine clinical 
practices is the stringency of the simple 
and standardized isolation protocol. 

Both the researchers and clinicians 
agreed upon the fact that an efficient, 
effective, and straightforward protocol 
for the isolation of miRNAs from biofluids 
will increase the clinical applications of 
miRNAs as a therapeutic and diagnostic 
entity [127]. The research on miRNAs 
used as biomarkers has picked up speed. 
Many reported miRNAs-based cancer 
studies are undergoing clinical trials 
worldwide [144,145]. Up to date, ample 
manuscripts have tagged miRNAs as an 
ideal biomarker for various malignancies 
in humans, including cancer. But 
compared to this, there is a paucity of 
clinical trials that have been launched so 
far to validate the claims [128]; this is 
depicted clearly by Fig. 4. Biomarkers 
are vastly investigated in cancer 
research. They have been adopted and 
tested for screening, diagnosing, and 
exact staging of cancer as well as 
treatment outcomes evaluation and 
prediction. They have been adopted to 
help in investigating cancer drugs 
efficacy and the resistance they 
experience along the pharmacological 
validation pathway [152], the impact of a 
drug on its proposed target and 
biochemical pathways [153]. Biomarker 
has proven to be highly valuable in 
beforehand validation of potent drug in 
the development pipeline, reduces the 
cost and enhance the market approval for 
the drug or therapy. But besides the 


prodigious importance and value 
[149,150], a limited number of 
biomarkers have been incorporated 


successfully in making clinical decisions 
in oncology [151-153]. In some cases, 
biomarkers that were initially considered 
to be promising have been shown to be 
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unreliable or ineffective when used in 
clinical decision-making [154]. 

Many portentous biomarkers are confined 
only to academic literature and have not 
received clinical application; therefore, 
there is an utmost need for effective and 
standardized strategies that can be 
employed to validate and revalidate the 
biomarkers for clinical applications [153]. 
Latest updates about clinical trials can be 
obtained from the website 
(http://clinicalTrials.gov ). A database that 
provides information about privately and 
publicly funded clinical studies conducted 
across the globe. The search to find the 
clinical studies were performed by typing 
“Cancer” in the condition/ disease field 
and miRNAs in other terms filed. Results 
showed 277 studies, out of which 69 were 
shown to be completed, 94 were 
recruited, 38 were active but not 
recruiting, 2 were suspended, 13 were 
terminated, 8 were withdrawn, 17 studies 
were not yet recruiting, 1 study enrolling 
by invitation, 35 were with unknown 
status (Fig. 5). 

Biomarkers passing through clinical trials 
are rigorously evaluated for their 
intervention quality and overall impact on 
the survival of cancer patients [154]. 

The paucity of clinical trials and 
successful implementation can be linked 
to non-uniformity in miRNA studies, 
diverse number of sources, methods used 
for isolation and detection, data analysis, 
and last but not least, the suitability of 
rational for which miRNA is employed as 
biomarker [146]. Contemporary clinicians 
are advocate of using technologically 
advance diagnosis and treatment 
regimens such as the use of miRNAs for 
cancer. Modern era clinicians aim high to 
use miRNAs as a tool in precision 
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medicines, diagnosis, and treatment 
[155]. MRX34, a miRNA mimic, has 
recently entered clinical trials for the 
treatment of tumors. This marks the first 
clinical trial to investigate the therapeutic 
use of a miRNA mimic in solid and 
hematological tumors 
(ClinicalTrials.gov Identifier: 
NCT01829971). In Table 4 some of the 
clinical studies utilizing miRNAs either as 
a therapeutic or diagnostic entity are 
shown with their status and the type of 
cancer they are utilized for. It also 
highlights the potential intervention that 
the studies hold. 


Conclusion 


miRNAs are a promising candidate for 
cancer diagnosis, prognosis, and 
monitoring. Many studies reported 
discrepancies in miRNA measurement 
and recovery because of the stringency of 
standardized extraction methods. 
Therefore, it is pertinent to optimize 
extraction methodologies as per sample 
type and future application. It has been 
widely recommended that the procedure 
used for isolation in miRNA studies is 
vital for the results' precision and 
accuracy. It is vital to understand the 
diversified origin of miRNAs to harness 
them for clinically relevant diagnosis and 
treatment of cancer. From a large 
number of published papers, it has been 
clear that miRNAs hold great potential as 
a biomarker for a variety of cancers, but 
it has not yet been utilized up to its full 
potential [156]. Therefore, it is pertinent 
to scale up clinical studies. Scientists are 
encouraged to speed up the clinical trials 
and devise research strategies from the 
expanding knowledge base of 
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Fig. 4: The canonical process of miRNAs screening for a potential biomarker for cancer. 
Despite Prodigious laboratory research claims, very few miRNAs biomarkers have 
progressed to standard clinical application. Redrawn from reference [65]. 
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Fig. 4: Updated status of clinical studies of cancer-based on miRNAs (Source 


https://www.clinicaltrials.gov ). 


Table 3. The perks and shortfalls of circulatory miRNAs as a prospective cancer 


biomarker. 
Table 4. Selected list of miRNAs biomarker used for different diseases. 
miRNA Name Disease Name Biomarker References [2] 
miR-135a Gallbladder carcinoma Yes [156] 
miR-21 Non-small cell lung cancer Yes [157] 
(NSCLC) 

miR-17-5p Head and neck cancer Yes [158] 

miR-205-3p Breast cancer Yes [159] 

miR-221 Glioblastoma Yes [160] 

miR-222 Glioblastoma Yes [161] 

miR-124a Colorectal cancer Yes [162] 

miR-145 Colorectal cancer Yes [163] 

miR-210 Hepatocellular carcinoma Yes [164] 

miR-211 Hepatocellular carcinoma Yes [162] 
miRNAs potentiality as cancer Sohel MMH. Circulating microRNAs as 
biomarkers in the form of publications. biomarkers in cancer diagnosis. Life 


The limitations mentioned in the study 
dents the promising potential of miRNAs 
as cancer biomarkers’ but rapid 
technological advances in miRNA 
isolation methods from versatile sample 
types are proving vital. Studies that have 
successfully completed clinical trials can 
be of great help in planning of future 
research focusing on miRNAs biomarkers 
for cancer. The clinical trials of miRNAs 
may be limited, but the information 
available in the form of publications 
indicates an auspicious role of miRNAs in 
cancer diagnosis and therapies. 


Authors contributions 


All the authors have substantial 
contributions in writing, designing, 
conceptualization, and completing this 


review article. 


Conflict of interest 


The authors declare no conflict of 
interest. 
References 


[1] Clump DA, Pickering CR, Skinner HD. 
Predicting outcome in head and neck 
cancer: MiRNAs with potentially big effects. 
Clinical Cancer Research. 2019;25:1441-2. 


sciences. 2020;248:117473. 

[3] Li M, Li J, Ding X, He M, Cheng S-Y. 
microRNA and cancer. The AAPS journal. 
2010;12:309-17. 

[4] Brown RA, Epis MR, Horsham JL, Kabir TD, 
Richardson KL, Leedman PJ. Total RNA 
extraction from tissues for microRNA and 
target gene expression analysis: not all kits 
are created equal. BMC biotechnology. 
2018;18:1-11. 

[5] Nguyen D-D, Chang S. Development of novel 
therapeutic agents by inhibition of 
oncogenic microRNAs. International journal 
of molecular sciences. 2017;19:65. 

[6] Lee RC, Feinbaum RL, Ambros V. The C. 
elegans heterochronic gene lin-4 encodes 
small RNAs with antisense complementarity 
to lin-14. cell. 1993;75:843-54. 

[7] 


[7] Wightman B, Ha I, Ruvkun G. 
Posttranscriptional regulation of the 
heterochronic gene lin-14 by lin-4 mediates 
temporal pattern formation in C. elegans. 
Cell. 1993;75:855-62. 

[8] Lau NC, Lim LP, Weinstein EG, Bartel DP. 
An abundant class of tiny RNAs with 
probable regulatory roles in Caenorhabditis 
elegans. Science. 2001;294:858-62. 


110 


[9] RC L. An extensive class of small RNAs in 
Caenorhabditis elegans. Science. 
2001;294:797. 

[10] Lagos-Quintana M, Rauhut R, Lendeckel W, 
Tuschl T. Identification of novel genes 
coding for small expressed RNAs. Science. 
2001;294:853-8. 

[11] Lin J, Ma L, Zhang D, Gao J, Jin Y, Han Z, et 
al. Tumour  biomarkers—tracing the 
molecular function and clinical implication. 
Cell proliferation. 2019;52:e12589. 

[12] Fuji T, Umeda Y, Nyuya A, Taniguchi F, 
Kawai T, Yasui K, et al. Detection of 
circulating microRNAs with Ago2 
complexes to monitor the tumor dynamics 
of colorectal cancer patients during 
chemotherapy. International journal of 
cancer. 2019;144:2169-80. 

[13] Xing Z, Li D, Yang L, Xi Y, Su X. MicroRNAs 
and anticancer drugs. Acta Biochim Biophys 
Sin. 2014;46:233-9. 

[14] Bartel DP. Metazoan micrornas. 
2018;173:20-51. 

[15] Shiotsu H, Okada K, Shibuta T, Kobayashi 
Y, Shirahama S, Kuroki C, et al. The 
influence of pre-analytical factors on the 
analysis of circulating MicroRNA. Microrna. 
2018;7:195-203. 

[16] Ono S, Lam S, Nagahara M, Hoon DS. 
Circulating microRNA biomarkers as liquid 
biopsy for cancer patients: pros and cons of 
current assays. Journal of clinical medicine. 
2015;4:1890-907. 

[17] Dave VP, Ngo TA, Pernestig A-K, Tilevik D, 
Kant K, Nguyen T, et al. MicroRNA 
amplification and detection technologies: 
opportunities and challenges for point of 
care diagnostics. Laboratory investigation. 
2019;99:452-69. 

[18] Weber JA, Baxter DH, Zhang S, Huang DY, 
How Huang K, Jen Lee M, et al. The 
microRNA spectrum in 12 body fluids. 
Clinical chemistry. 2010;56:1733-41. 

[19] Noferesti SS, Sohel MMH, Hoelker M, 
Salilew-Wondim D, Tholen E, Looft C, et al. 
Controlled ovarian hyperstimulation 
induced changes in the expression of 
circulatory miRNA in bovine follicular fluid 
and blood plasma. Journal of ovarian 
research. 2015;8:1-16. 

[20] Sang Q, Yao Z, Wang H, Feng R, Wang H, 
Zhao X, et al. Identification of microRNAs in 
human follicular fluid: characterization of 
microRNAs that govern steroidogenesis in 
vitro and are associated with polycystic 
ovary syndrome in vivo. The Journal of 


Cell. 


Clinical Endocrinology & Metabolism. 
2013;98:3068-79. 
[21] Sohel MH.  Extracellular/circulating 


microRNAs: release mechanisms, functions 


Biomedical Letters 2023; 9(2):96-112 


and challenges. Achievements in the Life 
Sciences. 2016;10:175-86. 
[22] Gulyaeva LF, Kushlinskiy NE. Regulatory 


mechanisms of microRNA expression. 
Journal of translational medicine. 
2016;14:143. 


[23] Deng S, Lang J, Coukos G, Zhang L. 
Expression profile of microRNA in epithelial 
cancer: diagnosis, classification and 
prediction. Expert Opinion on Medical 
Diagnostics. 2009;3:25-36. 

[24] Akhtar MM, Micolucci L, Islam MS, Olivieri 
F, Procopio AD. Bioinformatic tools for 
microRNA dissection. Nucleic acids 
research. 2016;44:24-44. 

[25] Mumford SL, Towler BP, Pashler AL, 
Gilleard O, Martin Y, Newbury SF. 


Circulating microRNA biomarkers in 
melanoma: tools and challenges in 
personalised medicine. Biomolecules. 
2018;8:21. 


[26] Turchinovich A, Weiz L, Langheinz A, 
Burwinkel B. Characterization of 
extracellular circulating microRNA. Nucleic 
acids research. 2011;39:7223-33. 

[27] Mao L, Li J, Chen W-x, Cai Y-q, Yu D-d, 


Zhong S-l, et al. Exosomes decrease 
sensitivity of breast cancer cells to 
adriamycin by delivering microRNAs. 


Tumor Biology. 2016;37:5247-56. 

[28] Xu S, Hossaini Nasr S, Chen D, Zhang X, 
Sun L, Huang X, et al. MiRNA extraction 
from cell-free biofluid using protein corona 
formed around carboxyl magnetic 
nanoparticles. ACS biomaterials science & 
engineering. 2018;4:654-62. 

[29] Mahdiannasser M, Karami Z. An innovative 
paradigm of methods in microRNAs 
detection: highlighting DNAzymes, the 
illuminators. Biosensors and Bioelectronics. 
2018;107:123-44. 

[30] Bartel DP. MicroRNAs: genomics, 
biogenesis, mechanism, and function. cell. 
2004;116:281-97. 

[31] Lee Y, Jeon K, Lee J-T, Kim S, Kim VN. 
MicroRNA maturation: stepwise processing 
and subcellular localization. The EMBO 
journal. 2002;21:4663-70. 

[32] Michlewski G, Cáceres JF. 
transcriptional control of 
biogenesis. Rna. 2019;25:1-16. 

[33] Treiber T, Treiber N, Meister G. Regulation 
of microRNA biogenesis and its crosstalk 
with other cellular pathways. Nature 
reviews Molecular cell biology. 2019;20:5- 
20. 

[34] Salehi M, Sharifi M. Exosomal miRNAs as 
novel cancer biomarkers: Challenges and 
opportunities. Journal of cellular 
physiology. 2018;233:6370-80. 


Post- 
miRNA 


111 


[35] Mall C, Rocke DM, Durbin-Johnson B, Weiss 
RH. Stability of miRNA in human urine 
supports its biomarker potential. 
Biomarkers in medicine. 2013;7:623-31. 

[36] McAlexander MA, Phillips MJ, Witwer KW. 
Comparison of methods for miRNA 
extraction from plasma and quantitative 
recovery of RNA from cerebrospinal fluid. 
Frontiers in genetics. 2013;4:83. 

[37] Moret I, Sanchez-Izquierdo D, Iborra M, 
Tortosa L, Navarro-Puche A, Nos P, et al. 
Assessing an improved protocol for plasma 
microRNA extraction. PloS one. 
2013;8:e82753. 

[38] Taghikhani A, Hassan ZM, Ebrahimi M, 
Moazzeni SM. microRNA modified tumor- 
derived exosomes as novel tools for 
maturation of dendritic cells. Journal of 
cellular physiology. 2019;234:9417-27. 

[39] Li L, Li C, Wang S, Wang Z, Jiang J, Wang 
W, et al. Exosomes derived from hypoxic 
oral squamous cell carcinoma cells deliver 
miR-21 to normoxic cells to elicit a 
prometastatic phenotype. Cancer research. 
2016;76:1770-80. 

[40] Arroyo JD, Chevillet JR, Kroh EM, Ruf IK, 
Pritchard CC, Gibson DF, et al. Argonaute2 
complexes carry a population of circulating 
microRNAs independent of vesicles in 
human plasma. Proceedings of the National 
Academy of Sciences. 2011;108:5003-8. 

[41] Larrea E, Sole C, Manterola L, Goicoechea 
I, Armesto M, Arestin M, et al. New 
concepts in cancer biomarkers: circulating 
miRNAs in liquid biopsies. International 
journal of molecular sciences. 2016;17:627. 

[42] Cortez MA, Bueso-Ramos C, Ferdin J, 
Lopez-Berestein G, Sood AK, Calin GA. 
MicroRNAs in body fluids—the mix of 
hormones and biomarkers. Nature reviews 
Clinical oncology. 2011;8:467-77. 

[43] Hata A, Kashima R. Dysregulation of 
microRNA biogenesis machinery in cancer. 
Critical reviews in biochemistry and 
molecular biology. 2016;51:121-34. 

[44] Jiang Q, Wang Y, Hao Y, Juan L, Teng M, 
Zhang X, et al. miR2Disease: a manually 
curated database for microRNA 
deregulation in human disease. Nucleic 
acids research. 2009;37:D98-D104. 

[45] Russo F, Di Bella S, Nigita G, Macca V, 
Lagana A, Giugno R, et al. miRandola: 


extracellular circulating microRNAs 
database. 2012. 
[46] Chen Y, Wang X. miRDB: an online 


database for prediction of functional 
microRNA targets. Nucleic acids research. 
2020;48:D127-D31. 

[47] Lin H, Ewing LE, Koturbash I, Gurley BJ, 
Miousse IR. MicroRNAs as biomarkers for 
liver injury: current knowledge, challenges 


Biomedical Letters 2023; 9(2):96-112 


and future prospects. Food and Chemical 
Toxicology. 2017;110:229-39. 

[48] Huang SK, Hoon DS. Liquid biopsy utility 
for the surveillance of cutaneous malignant 
melanoma patients. Molecular oncology. 
2016;10:450-63. 

[49] Gautam A, Kumar R, Dimitrov G, Hoke A, 
Hammamieh R, Jett M. Identification of 
extracellular miRNA in archived serum 


samples by next-generation sequencing 
from RNA extracted using multiple 
methods. Molecular biology reports. 


2016;43:1165-78. 

[50] Foye C, Yan IK, David W, Shukla N, 
Habboush Y, Chase L, et al. Comparison of 
miRNA quantitation by Nanostring in serum 
and plasma samples. PLoS One. 
2017;12:e0189165. 

[51] Strimbu K, Tavel JA. What are biomarkers? 


Current Opinion in HIV and AIDS. 
2010;5:463. 

[52] Borrebaeck CA. Precision diagnostics: 
moving towards protein biomarker 


signatures of clinical utility in cancer. 
Nature Reviews Cancer. 2017;17:199-204. 

[53] O'connor JP, Aboagye EO, Adams JE, Aerts 
HJ, Barrington SF, Beer AJ, et al. Imaging 
biomarker roadmap for cancer studies. 
Nature reviews Clinical oncology. 
2017;14:169-86. 

[54] Correia CN, Nalpas NC, McLoughlin KE, 
Browne JA, Gordon SV, MacHugh DE, et al. 
Circulating microRNAs as potential 
biomarkers of infectious disease. Frontiers 
in immunology. 2017;8:118. 

[55] Ballman KV. Biomarker: predictive or 
prognostic? Journal of clinical oncology: 
official journal of the American Society of 
Clinical Oncology. 2015;33:3968-71. 

[56] Chim SS, Shing TK, Hung EC, Leung T-y, 
Lau T-k, Chiu RW, et al. Detection and 
characterization of placental microRNAs in 
maternal plasma. Clinical chemistry. 
2008;54:482-90. 

[57] Lakkisto P, Dalgaard LT, Belmonte T, Pinto- 
Sietsma S-J, Devaux Y, de Gonzalo-Calvo D. 
Development of circulating microRNA- 
based biomarkers for medical decision- 
making: a friendly reminder of what should 
NOT be done. Critical Reviews in Clinical 
Laboratory Sciences. 2023;60:141-52. 

[58] Zhao L, Chen X, Cao Y. New role of 
microRNA: carcinogenesis and clinical 
application in cancer. Acta Biochim Biophys 
Sin. 2011;43:831-9. 

[59] Lu J, Getz G, Miska EA, Alvarez-Saavedra E, 
Lamb J, Peck D, et al. MicroRNA expression 
profiles classify human cancers. nature. 
2005;435:834-8. 

[60] Liao J, Liu R, Shi Y-J, Yin L-H, Pu Y-P. 
Exosome-shuttling microRNA-21 promotes 


112 


cell migration and invasion-targeting 
PDCD4 in esophageal cancer. International 
journal of oncology. 2016;48:2567-79. 

[61] Wang J, Chen J, Sen S. MicroRNA as 
biomarkers and diagnostics. Journal of 
cellular physiology. 2016;231:25-30. 

[62] Jarry J, Schadendorf D, Greenwood C, Spatz 
A, Van Kempen L. The validity of circulating 
microRNAs in oncology: five years of 
challenges and contradictions. Molecular 
oncology. 2014;8:819-29. 

[63] Yang H, Liu Y, Chen L, Zhao J, Guo M, Zhao 
X, et al. MiRNA-Based Therapies for Lung 
Cancer: Opportunities and Challenges? 
Biomolecules. 2023;13:877. 

[64] Tanaka Y, Kamohara H, Kinoshita K, 
Kurashige J, Ishimoto T, Iwatsuki M, et al. 
Clinical impact of serum exosomal 
microRNA-21 as a clinical biomarker in 
human esophageal squamous cell 
carcinoma. Cancer. 2013;119:1159-67. 

[65] Wang H, Peng R, Wang J, Qin Z, Xue L. 
Circulating microRNAs as potential cancer 


biomarkers: the advantage and 
disadvantage. Clinical epigenetics. 
2018;10:1-10. 


[66] Lu TX, Rothenberg ME. MicroRNA. Journal 
of allergy and clinical immunology. 
2018;141:1202-7. 

[67] Yap T, Koo K, Cheng L, Vella LJ, Hill AF, 
Reynolds E, et al. Predicting the presence 
of oral squamous cell carcinoma using 
commonly dysregulated MicroRNA in oral 
swirls. Cancer Prevention Research. 
2018;11:491-502. 

[68] Moldovan L, Batte KE, Trgovcich J, Wisler J, 
Marsh CB, Piper M. Methodological 
challenges in utilizing mi RNA s as 
circulating biomarkers. Journal of cellular 
and molecular medicine. 2014;18:371-90. 

[69] McDonald JS, Milosevic D, Reddi HV, Grebe 
SK, Algeciras-Schimnich A. Analysis of 
circulating microRNA: preanalytical and 
analytical challenges. Clinical chemistry. 
2011;57:833-40. 

[70] Channavajjhala SK, Rossato M, Morandini 
F, Castagna A, Pizzolo F, Bazzoni F, et al. 
Optimizing the purification and analysis of 
miRNAs from urinary exosomes. Clinical 
Chemistry and Laboratory Medicine 
(CCLM). 2014;52:345-54. 

[71] Brunet-Vega A, Pericay C, Quílez ME, 
Ramírez-Lázaro MJ, Calvet X, Lario S. 
Variability in microRNA recovery from 
plasma: Comparison of five commercial kits. 
Analytical biochemistry. 2015;488:28-35. 

[72] Burgos KL, Javaherian A, Bomprezzi R, 
Ghaffari L, Rhodes S, Courtright A, et al. 
Identification of extracellular miRNA in 
human cerebrospinal fluid by next- 


Biomedical Letters 2023; 9(2):96-112 


generation sequencing. Rna. 2013;19:712- 
22, 

[73] Vigneron N, Meryet-Figuière M, Guttin A, 
Issartel J-P, Lambert B, Briand M, et al. 
Towards a new standardized method for 
circulating miRNAs profiling in clinical 
studies: Interest of the exogenous 
normalization to improve miRNA signature 
accuracy. Molecular oncology. 2016;10:981- 
92. 

[74] Blondal T, Nielsen SJ, Baker A, Andreasen 
D, Mouritzen P, Teilum MW, et al. 
Assessing sample and miRNA profile quality 
in serum and plasma or other biofluids. 
Methods. 2013;59:S1-S6. 

[75] Podolska A, Kaczkowski B, Litman T, 
Fredholm M, Cirera S. How the RNA 
isolation method can affect microRNA 
microarray results. Acta Biochimica 
Polonica. 2011;58. 

[76] Haeri M, Zhuo X, Haeri M, Knox BE. Retinal 
tissue preparation for high-resolution live 
imaging of photoreceptors expressing 
multiple transgenes. Methodsx. 
2018;5:1140-7. 

[77] El-Khoury V, Pierson S, Kaoma T, Bernardin 
F, Berchem G. Assessing cellular and 
circulating miRNA recovery: the impact of 
the RNA isolation method and the quantity 
of input material. Scientific reports. 
2016;6:19529. 

[78] Kirschner MB, Zandwijk Nv, Reid G. Cell- 
free microRNAs: potential biomarkers in 
need of standardized reporting. Frontiers in 
genetics. 2013;4:56. 

[79] Khan J, Lieberman JA, Lockwood CM. 
Variability in, variability out: best practice 
recommendations to standardize pre- 
analytical variables in the detection of 
circulating and tissue microRNAs. Clinical 
Chemistry and Laboratory Medicine 
(CCLM). 2017;55:608-21. 

[80] Becker N, Lockwood CM. Pre-analytical 
variables in miRNA analysis. Clinical 
Biochemistry. 2013;46:861-8. 

[81] Rio DC, Ares M, Hannon GJ, Nilsen TW. 
Purification of RNA using TRIzol (TRI 
reagent). Cold Spring Harbor Protocols. 
2010;2010:pdb. prot5439. 

[82] Ma W, Wang M, Wang Z-Q, Sun L, Graber 
D, Matthews J, et al. Effect of long-term 
storage in TRIzol on microarray-based gene 
expression profiling. Cancer epidemiology, 
biomarkers & prevention. 2010;19:2445-52. 

[83] Hunter MP, Ismail N, Zhang X, Aguda BD, 
Lee EJ, Yu L, et al. Detection of microRNA 
expression in human peripheral blood 
microvesicles. PloS one. 2008;3:e3694. 

[84] Chomczynski P, Sacchi N. Single-step 
method of RNA isolation by acid 
guanidinium thiocyanate-phenol-chloroform 


113 


extraction. Analytical 
1987;162:156-9. 

[85] Vlassov V, Rykova EY, Ponomaryova A, 
Zaporozhchenko L Morozkin E, 
Cherdyntseva N, et al. Circulating 
microRNAs in lung cancer: Prospects for 
diagnosis, prognosis, and prediction of 
antitumor treatment efficacy. Molecular 
Biology. 2015;49:48-57. 

[86] Kim Y-K, Yeo J, Kim B, Ha M, Kim VN. Short 
structured RNAs with low GC content are 
selectively lost during extraction from a 
small number of cells. Molecular cell. 
2012;46:893-5. 

[87] Duy J, Koehler JW, Honko AN, Minogue TD. 
Optimized microRNA purification from 
TRizol-treated plasma. BMC genomics. 
2015;16:1-9. 

[88] Chen Y, Ding YY, Ren Y, Cao L, Xu QQ, Sun 
L, et al. Identification of differentially 
expressed microRNAs in acute Kawasaki 
disease. Molecular medicine reports. 
2018;17:932-8. 

[89] Witvrouwen I, Gevaert AB, Van 
Craenenbroeck EM, Van Craenenbroeck 
AH. MicroRNA Isolation from Plasma for 
Real-Time qPCR Array. Current protocols in 
human genetics. 2018;99:e69. 

[90] Mraz M, Malinova K, Mayer J, Pospisilova 


biochemistry. 


S. MicroRNA isolation and stability in 
stored RNA samples. Biochemical and 
biophysical research communications. 
2009;390:1-4. 


[91] Sourvinou IS, Markou A, Lianidou ES. 
Quantification of circulating miRNAs in 
plasma: effect of preanalytical and 
analytical parameters on their isolation and 
stability. The Journal of Molecular 
Diagnostics. 2013;15:827-34. 

[92] Wagner J, Riwanto M, Besler C, Knau A, 
Fichtlscherer S, Roxe T, et al 
Characterization of levels and cellular 
transfer of circulating lipoprotein-bound 
microRNAs. Arteriosclerosis, thrombosis, 
and vascular biology. 2013;33:1392-400. 

[93] Kroh EM, Parkin RK, Mitchell PS, Tewari 
M. Analysis of circulating microRNA 
biomarkers in plasma and serum using 
quantitative reverse transcription-PCR 
(qRT-PCR). Methods. 2010;50:298-301. 

[94] Fichtlscherer S, De Rosa S, Fox H, Schwietz 
T, Fischer A, Liebetrau C, et al. Circulating 
microRNAs in patients with coronary artery 
disease. Circulation research. 
2010;107:677-84. 

[95] Gallo A, Tandon M, Alevizos I, Illei GG. The 
majority of microRNAs detectable in serum 
and saliva is concentrated in exosomes. 
PloS one. 2012;7:e30679. 

[96] Zaporozhchenko IA, Morozkin ES, 
Skvortsova TE, Bryzgunova OE, Bondar AA, 


Biomedical Letters 2023; 9(2):96-112 


Loseva EM, et al. A phenol-free method for 
isolation of microRNA from biological fluids. 
Analytical biochemistry. 2015;479:43-7. 

[97] Cui H, Zhang M, Liu K, Liu J, Zhang Z, Fu 
L. LncRNA SNHG15 promotes proliferation 
and migration of lung cancer via targeting 
microRNA-211-3p. Eur Rev Med Pharmacol 
Sci. 2018;22:6838-44. 

[98] Macleod MR, Michie S, Roberts I, Dirnagl 
U, Chalmers I, Ioannidis JP, et al. 
Biomedical research: increasing value, 
reducing waste. The Lancet. 2014;383:101- 


4. 

[99] Lee JW, Weiner RS, Sailstad JM, Bowsher 
RR, Knuth DW, O’Brien PJ, et al. Method 
validation and measurement of biomarkers 
in nonclinical and clinical samples in drug 
development: a conference report. 
Pharmaceutical research. 2005;22:499-511. 

[100] Faraldi M, Sansoni V, Perego S, 
Gomarasca M, Kortas J, Ziemann E, et al. 
Study of the  preanalytical variables 
affecting the measurement of clinically 
relevant free-circulating microRNAs: Focus 
on sample matrix, platelet depletion, and 
storage conditions. Biochemia Medica. 
2020;30:83-95. 

[101] Pearce S, Brownsdon A, Fern L, Gibson F, 
Whelan J, Lavender V. The perceptions of 
teenagers, young adults and professionals 
in the participation of bone cancer clinical 
trials. European Journal of Cancer Care. 
2018;27:e12476. 

[102] Braicu C, Gulei D, de Melo Maia B, 
Berindan-Neagoe I, Calin GA. Mirna 
expression assays. Genomic Applications in 
Pathology. 2019:51-71. 

[103] Hiam D, Lamon S. Circulating microRNAs: 
let’s not waste the potential. American 
Journal of Physiology-Cell Physiology. 
2020;319:C313-C5. 

[104] Rasheed NW. Circulating microRNA-92a 
as biomarkers for primary woman breast 
cancer Iraq population. Journal of 
Population Therapeutics and Clinical 
Pharmacology. 2023;30:344-54. 

[105] Ketting RF, Fischer SE, Bernstein E, Sijen 
T, Hannon GJ, Plasterk RH. Dicer functions 
in RNA interference and in synthesis of 
small RNA involved in developmental 
timing in C. elegans. Genes & development. 
2001;15:2654-9. 

[106] Canning AJ, Chen X, Li JQ, Jeck WR, Wang 
H-N, Vo-Dinh T. miRNA probe integrated 
biosensor platform using bimetallic 
nanostars for amplification-free multiplexed 
detection of circulating colorectal cancer 
biomarkers in clinical samples. Biosensors 
and Bioelectronics. 2023;220:114855. 

[107] Rani V, Sengar RS. Biogenesis and 
mechanisms of microRNA-mediated gene 


114 


regulation. Biotechnology and 
bioengineering. 2022;119:685-92. 

[108] Hao Y-J, Yang C-Y, Chen M-H, Chang L-W, 
Lin C-P, Lo L-C, et al. Potential values of 
circulating microRNA-21 to predict early 
recurrence in patients with colorectal 
cancer after treatments. Journal of Clinical 
Medicine. 2022;11:2400. 

[109] Zou R, Loke SY, Tang YC, Too H-P, Zhou 
L, Lee AS, et al. Development and 
validation of a circulating microRNA panel 
for the early detection of breast cancer. 
British journal of cancer. 2022;126:472-81. 

[110] Gao J, Fan Y-Z, Gao S-S, Zhang W-T. 


Circulating microRNAs as _ Potential 
Biomarkers for the Diagnosis of 
Endometrial Cancer: a Meta-Analysis. 


Reproductive Sciences. 2023;30:464-72. 

[111] Wang W, Jo H, Park S, Kim H, Kim SI, Han 
Y, et al. Integrated analysis of ascites and 
plasma extracellular vesicles identifies a 
miRNA-based diagnostic signature in 
ovarian cancer. Cancer Letters. 
2022;542:215735. 

[112] Li C, Zhou T, Chen J, Li R, Chen H, Luo S, 
et al. The role of Exosomal miRNAs in 
cancer. Journal of translational medicine. 
2022;20:1-15. 

[113] Sun Z, Shi K, Yang S, Liu J, Zhou Q, Wang 
G, et al. Effect of exosomal miRNA on 
cancer biology and clinical applications. 
Molecular cancer. 2018;17:1-19. 

[114] Grimaldi AM, Incoronato M. Clinical 
translatability of “identified” circulating 
miRNAs for diagnosing breast cancer: 
overview and update. Cancers. 
2019;11:901. 

[115] Lin S, Gregory RI. MicroRNA biogenesis 
pathways in cancer. Nature reviews cancer. 
2015;15:321-33. 

[116] Condrat CE, Thompson DC, Barbu MG, 
Bugnar OL, Boboc A, Cretoiu D, et al. 
miRNAs as biomarkers in disease: latest 
findings regarding their role in diagnosis 
and prognosis. Cells. 2020;9:276. 

[117] Winkle M, El-Daly SM, Fabbri M, Calin 
GA. Noncoding RNA _ therapeutics— 
Challenges and potential solutions. Nature 
reviews Drug discovery. 2021;20:629-51. 

[118] Nik Mohamed Kamal NNSB, Shahidan 
WNS. Non-exosomal and exosomal 
circulatory microRNAs: which are more 
valid as biomarkers? Frontiers in 
pharmacology. 2020;10:1500. 

[119] El-Daly SM, Gouhar SA, Abd Elmageed ZY. 
Circulating microRNAs as reliable tumor 
biomarkers: Opportunities and Challenges 
facing Clinical Application. Journal of 
Pharmacology and Experimental 
Therapeutics. 2023;384:35-51. 


Biomedical Letters 2023; 9(2):96-112 


[120] Umezu T, Ohyashiki K, Kuroda M, 
Ohyashiki JH. Leukemia cell to endothelial 
cell communication via exosomal miRNAs. 
Oncogene. 2013;32:2747-55. 

[121] Zhou M, Teng X, Li Y, Deng R, Li J. 
Cascade transcription amplification of RNA 
aptamer for ultrasensitive microRNA 
detection. Analytical chemistry. 
2019;91:5295-302. 

[122] Wu Y-S, Lin H, Chen D, Yi Z, Zeng B, Jiang 
Y, et al. A four-miRNA signature as a novel 
biomarker for predicting survival in 
endometrial cancer. Gene. 2019;697:86-93. 

[123] Caglar O, Cayir A. Total circulating cell- 
free miRNA in plasma as a predictive 
biomarker of the thyroid diseases. Journal 
of cellular biochemistry. 2019;120:9016-22. 

[124] Zhang H, Mao F, Shen T, Luo Q, Ding Z, 
Qian L, et al. Plasma miR-145, miR-20a, 
miR-21 and miR-223 as novel biomarkers 
for screening early-stage non-small cell 
lung cancer. Oncology letters. 2017;13:669- 


76. 
[125] Arab A, Karimipoor M, Irani S, Kiani A, 
Zeinali S, Tafsiri E, et al. Potential 


circulating miRNA signature for early 
detection of NSCLC. Cancer Genetics. 
2017;216:150-8. 

[126] Wu K-L, Tsai Y-M, Lien C-T, Kuo P-L, Hung 
J-Y. The roles of MicroRNA in lung cancer. 
International journal of molecular sciences. 
2019;20:1611. 

[127] Cao B, Tan S, Tang H, Chen Y, Shu P. 
miR-512-5p suppresses proliferation, 
migration and invasion, and induces 
apoptosis in non-small cell lung cancer cells 
by targeting ETS1. Molecular medicine 
reports. 2019;19:3604-14. 

[128] Blandin Knight S, Crosbie PA, Balata H, 
Chudziak J, Hussell T, Dive C. Progress and 
prospects of early detection in lung cancer. 
Open biology. 2017;7:170070. 

[129] Hon JDC, Singh B, Sahin A, Du G, Wang J, 
Wang VY, et al. Breast cancer molecular 
subtypes: from TNBC to QNBC. American 
journal of cancer research. 2016;6:1864. 

[130] Võsa U, Vooder T, Kolde R, Fischer K, Valk 
K, Tõnisson N, et al. Identification of miR- 
374a as a prognostic marker for survival in 
patients with early-stage nonsmall cell lung 
cancer. Genes, Chromosomes and Cancer. 
2011;50:812-22. 

[131] Samsonov R, Burdakov V, Shtam T, 
Radzhabova Z, Vasilyev D, Tsyrlina E, et al. 
Plasma exosomal miR-21 and miR-181a 
differentiates follicular from papillary 
thyroid cancer. Tumor Biology. 
2016;37:12011-21. 

[132] Wu X, Shen J, Xiao Z, Li J, Zhao Y, Zhao Q, 
et al. An overview of the multifaceted roles 
of miRNAs in gastric cancer: spotlight on 


115 


novel biomarkers and therapeutic targets. 
Biochemical Pharmacology. 2019;163:425- 
39. 

[133] Liu Q, Wang H, Singh A, Shou F. 
Expression and function of microRNA-497 
in human osteosarcoma. Molecular 
medicine reports. 2016;14:439-45. 

[134] Ge L, Zheng B, Li M, Niu L, Li Z. 
MicroRNA-497 suppresses osteosarcoma 
tumor growth in vitro and in vivo. Oncology 
letters. 2016;11:2207-12. 

[135] Pang P, Shi X, Huang W, Sun K. miR-497 
as a potential serum biomarker for the 
diagnosis and prognosis of osteosarcoma. 
Eur Rev Med Pharmacol Sci. 2016;20:3765- 


9. 

[136] Dejima H, Iinuma H, Kanaoka R, 
Matsutani N, Kawamura M. Exosomal 
microRNA in plasma as a non-invasive 
biomarker for the recurrence of non-small 
cell lung cancer. Oncology letters. 
2017;13:1256-63. 

[137] Khordadmehr M, Shahbazi R, Ezzati H, 
Jigari-Asl F, Sadreddini S, Baradaran B. Key 
microRNAs in the biology of breast cancer; 
emerging evidence in the last decade. 
Journal of cellular physiology. 
2019;234:8316-26. 

[138] Nisenblat V, Sharkey DJ, Wang Z, Evans 
SF, Healey M, Ohlsson Teague EMC, et al. 
Plasma miRNAs display limited potential as 
diagnostic tools for endometriosis. The 
Journal of Clinical Endocrinology & 
Metabolism. 2019;104:1999-2022. 

[139] Swellam M, Mahmoud MS, Hashim M, 
Hassan NM, Sobeih ME, Nageeb AM. 
Clinical aspects of circulating miRNA-335 in 
breast cancer patients: a prospective study. 
Journal of Cellular Biochemistry. 
2019;120:8975-82. 

[140] Lekchnov EA, Zaporozhchenko IA, 
Morozkin ES, Bryzgunova OE, Vlassov VV, 
Laktionov PP. Protocol for miRNA isolation 
from biofluids. Analytical Biochemistry. 
2016;499:78-84. 

[141] Mitchell PS, Parkin RK, Kroh EM, Fritz 
BR, Wyman SK, Pogosova-Agadjanyan EL, 
et al. Circulating microRNAs as stable 
blood-based markers for cancer detection. 
Proceedings of the National Academy of 
Sciences. 2008;105:10513-8. 

[142] Gilad S, Meiri E, Yogev Y, Benjamin S, 
Lebanony D, Yerushalmi N, et al. Serum 
microRNAs are promising novel 
biomarkers. PloS one. 2008;3:e3148. 

[143] Calin GA, Dumitru CD, Shimizu M, Bichi 
R, Zupo S, Noch E, et al. Frequent deletions 
and down-regulation of micro-RNA genes 
miR15 and miR16 at 13q14 in chronic 
lymphocytic leukemia. Proceedings of the 


Biomedical Letters 2023; 9(2):96-112 

national academy of sciences. 
2002;99:15524-9, 

[144] Wang K, Zhang S, Marzolf B, Troisch P, 
Brightman A, Hu Z, et al. Circulating 
microRNAs, potential biomarkers for drug- 
induced liver injury. Proceedings of the 
National Academy of Sciences. 
2009;106:4402-7. 

[145] Schwarzenbach H, Nishida N, Calin GA, 
Pantel K. Clinical relevance of circulating 
cell-free microRNAs in cancer. Nature 
reviews Clinical oncology. 2014;11:145-56. 

[146] Reddy KB. MicroRNA (miRNA) in cancer. 
Cancer cell international. 2015;15:1-6. 

[147] Wahid F, Shehzad A, Khan T, Kim YY. 
MicroRNAs: synthesis, mechanism, 
function, and recent clinical trials. 
Biochimica et Biophysica Acta (BBA)- 
Molecular Cell Research. 2010;1803:1231- 
43. 

[148] Keller A, Meese E. Can circulating 
miRNAs live up to the promise of being 
minimal invasive biomarkers in clinical 
settings? Wiley Interdisciplinary Reviews: 
RNA. 2016;7:148-56. 

[149] Workman P, Aboagye EO, Chung Y-L, 
Griffiths JR, Hart R, Leach MO, et al. 


Minimally invasive pharmacokinetic and 
pharmacodynamic technologies in 
hypothesis-testing clinical trials of 
innovative therapies. Journal of the 


National Cancer Institute. 2006;98:580-98. 

[150] Yap TA, Sandhu SK, Workman P, De Bono 
JS. Envisioning the future of early 
anticancer drug development. Nature 
Reviews Cancer. 2010;10:514-23. 

[151] Hait WN. Forty years of translational 
cancer research. Cancer Discovery. 
2011;1:383-90. 

[152] La Thangue NB, Kerr DJ. Predictive 
biomarkers: a paradigm shift towards 
personalized cancer medicine. Nature 
reviews Clinical oncology. 2011;8:587-96. 

[153] Poste G. Bring on the biomarkers. Nature. 
2011;469:156-7. 

[154] Hayes DF, Allen J, Compton C, Gustavsen 
G, Leonard DG, McCormack R, et al. 


Breaking a vicious cycle. Science 
translational medicine. 2013;5:196cm6- 
cm6. 


[155] Li R, Tian X, Jiang J, Qian H, Shen H, Xu 
W. CircRNA CDR/1as: a novel diagnostic and 
prognostic biomarker for gastric cancer. 
Biomarkers. 2023:1-10. 

[156] Wang W, Li X, Liu C, Zhang X, Wu Y, Diao 
M, et al. MicroRNA-21 as a diagnostic and 
prognostic biomarker of lung cancer: a 
systematic review and meta-analysis. 
Bioscience Reports. 2022;42:BSR20211653. 

[157] Fang L, Li H, Wang L, Hu J, Jin T, Wang J, 
et al. MicroRNA-17-5p promotes 


116 


chemotherapeutic drug resistance and 
tumour metastasis of colorectal cancer by 
repressing PTEN expression. Oncotarget. 
2014;5:2974. 

[158] Ma X, Wang N, Chen K, Zhang C. 
Oncosuppressive role of MicroRNA-205-3p 
in gastric cancer through inhibition of 
proliferation and induction of senescence: 
oncosuppressive role of MicroRNA-205 in 
gastric cancer. Translational Oncology. 
2021;14:101199. 

[159] Zhang R, Pang B, Xin T, Guo H, Xing Y, Xu 
S, et al. Plasma miR-221/222 family as novel 
descriptive and prognostic biomarkers for 
glioma. Molecular neurobiology. 
2016;53:1452-60. 

[160] Luo P, Yang Q, Cong LL, Wang XF, Li YS, 
Zhong XM, et al. Identification of miR-124a 


Biomedical Letters 2023; 9(2):96-112 


as a novel diagnostic and prognostic 
biomarker in non-small cell lung cancer for 
chemotherapy. Molecular Medicine 
Reports. 2017;16:238-46. 

[161] Ahadi A. The significance of microRNA 
deregulation in colorectal cancer 
development and the clinical uses as a 
diagnostic and prognostic biomarker and 
therapeutic agent. Non-coding RNA 
Research. 2020;5:125-34. 

[162] Zhan M, Li Y, Hu B, He X, Huang J, Zhao 
Y, et al. Serum microRNA-210 as a 
predictive biomarker for treatment 
response and prognosis in patients with 
hepatocellular carcinoma undergoing 
transarterial chemoembolization. Journal of 
Vascular and Interventional Radiology. 
2014;25:1279-87. e1. 


117 


